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COMMUNICATIONS

Photoinduced fluorescence from the perylene cation isolated in Ne and
Ar matrices

C. Joblin, F. Salama, and L. Allamandola
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The fluorescence and fluorescence excitation spectra of the perylene cation isolated in neon and
argon matrices are reported. This is the first report of the fluorescence spectrum of a polycyclic
aromatic hydrocarbon ion in any phase. 1®95 American Institute of Physics.

I. INTRODUCTION slit of the spectrograph is opened at gén for absorption
measurements and 1 mm for emission measurements. The
gpectral resolution is 0.1 nm for the absorption spectra pre-
sented here, and about 1 nm for the emission spectra. The
Rand positions given in this study are averaged over several
experiments and the errors correspond to one sigma.

Polycyclic aromatic hydrocarboiPAH) ions are consid-
ered to be plausible candidates to account for the diffus
interstellar band$DIBs). The DIBs are visible absorption
features observed in the spectrum of the interstellar matter.
recent review of the DIB carrier candidates is given in Ref.
1. It has quite recently been recognized that some DIBs are
also seen in emissidrimplying that their carriers can relax !ll. RESULTS
radiatively. We have developed an experiment to study the ¢ absorption spectrum of the perylene cation isolated
electronic luminescence of cold, isolated PAH ions and, 5 Ne matrix is shown as a solid line in Fig. 1. This spec-
thereby tgst their relevance as a class of DIB carrier Ca”qifrum compares wellallowing for the matrix-induced shift
dates. With the exception of benzene and some of it$; the aphsorption spectrum of the perylene cation isolated in
derivatives}®*® and the decacyclene anidfi, no studies Ar/CCl, matrix? Transitions are assigned following Ref.
of the luminescence of aromatic ions have been published The strongest absorption band falls at 52911 nm and
We report here the fluorescence of the perylene catiofy sssociated with th@O(ZAu)_)DS(ZB3g) transition. The
(C,oH7,) isolated in inert gas matricédle, Ar). low energy DO(ZAU)_}Dl(ZBI%g) transition is weak. The

bands associated with this transition show a multicomponent
Il. EXPERIMENT splitting which is not observed in Ar matrices. For example,

The experimental setup used for the study of the absorphe origin of the transition consists of at least five compo-
tion of neutral and ionized PAHs using matrix isolation spec-Nents at 791.7, 792.7, 793.6, 794.3, and 79404 nm. This
troscopy has been described previodsBriefly, the experi-  Splitting can arise from the presence of different sites within
mental procedure consists df) preparing a sample of
neutral and ionized perylene molecules isolated in a rare gas

matrix, (i) probing the sample in absorption to check the 0.2/ T AR 800
degree of isolation of the trapped molecular species and their g C,H;, /Ne p
ionization yield, and finally(iii) performing luminescence > ] =
measurements. s 3
Neon (or argon gas and perylene, evaporated under £ 9-1 1#°0 ¢
vacuum from an oven, are co-deposited on the ¢él@ K) = S
sapphire window of a continuous flow liquid helium cryostat. § s 1 g
lons are formed by the VUV radiatiof10.2 e\j from a a8 o o 5
microwave-powered Kflow lamp. The absorption spectrum § D,—~D, DD <
of the ions formedn situis measured with a UV-visible near < . ) ) _Dr_ b, °
IR spectrograph. For emission studies, the excitation source 460 520 580 640 700 760 820
and the detection system light paths are at 90° with respect to Wavelength (nm)

one another, and the sample window is positioned at about
30° with respect to the excitation source light path. A quartzric. 1. The visible absorption spectrum of the perylene cat@pH)
tungsten halogen lamp serves as the excitation source. R@golated in a Ne matrixsolid line). The triangles represent fluorescence

ot ; ‘e i : _ excitation spectra. The peak intensities of the strongest emission @Figds
diation from this lamp is filtered with a 0.2 m monochro 2) at 794.1(plain triangle$ and 817.3 nmempty triangles are plotted vs

mator to provide broadb?-nd eXCitatid'Wp_ica”y 20 NM  he central wavelength of the excitation band. The 20 nm wide excitation
FWHM and 40 nm base width, for 6 mm shitShe entrance bandwidth is indicated by the horizontal bars.
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2500 r . ; r (plain and empty trianglesn Fig. 1 represent the peak in-
C H */Ne tensities of the two strongest emission bands at 794.1 and
52000 2oz : 817.3 nm as a function of the central wavelength of the ex-
£ citation band. The excitation band is about 20 nm wide at
81500 ] half-maximum in each case as indicated by the horizontal
5 A =516-536nm bars in Fig. 1. To remove any contribution from the second
@ 10001 exe order of the neutral precursor strong fluorescence, which
E i falls between 420 and 520 nm, a red filtdtodel BG 715
500 has been installed between the sample and the collection op-
Agxe = 716-736nm . . tics. The agreement shown in Fig. 1 between the absorption
(7’60 800 840 880 920 960 and the fluorescence excitation spectra indicates that the

Wavelength (nm) perylene cation is the carrier of the strongest emission fea-
tures displayed in Fig. 2. The weaker emission features to the
FIG. 2. TheDy(?A,)«D,(°Bs,) fluorescence spectrum of the perylene red seem to be relateq to. the StronQESt features. .
cation (C,gH7) (i)solaijted inla Nseg matrix at 4.2 K. The same emission spec- The_794'1 nm emission band is V_ery C|OS§ to th? first
trum is induced by pumping the two strongest absorption bands of the catiolectronic transition of the perylene cation and, in particular,
(525 and near 723 nynwith a 20 nm FWHM band. The spectra have not to the 794.3 nm absorption component. Thus, we assign the
been corrected for the instrumental response of the system. 794.1 nm emission band to the fluorescent emission associ-
ated with the 0-0 transition from th®1(283g) to the
the solid matrix and/or from transitions involving low vibra- Dy(?A,) state. The other emission bands seen at lower ener-
tional frequencies of the perylene cation. In particular, lowgies probably arise from transitions between the lowest level
frequencies at 13 and 48 crhhave been deduced from jet of the D, state to various excited vibrational levels of the
measurements of th®, state of neutral peryled@nd iden- ground stateD, (see Table )l Shoulders observed on the
tified as the low frequency modes of the molecllBhese  blue side of the emission bands are likely due to fluorescence
spectral details will be discussed in a forthcoming pdper. from a different matrix site, as the shoulder observed at
A set of emission bands are observed to the red of th&92.3 nm is very close to the 792.7 nm absorption compo-
first absorption system when exciting in the region of thenent.
strong 525.1 nm absorption bariffig. 2, upper trace A The emission spectrum of the perylene cation isolated in
similar emission spectrum is obtained when exciting in thean Ar matrix at 4.2 K has also been measured and is com-
region encompassing thEO(ZAU)HDg,(ZBzg) transition, pared in Fig. 3 to the Ne matrix spectrum. The origin of the
centered near 723 nfffrig. 2, lower tracg emission band at 792¢20.1 nm in an Ar matrix is slightly
The first (highest energyemission band falls at 794.1 red-shifted compared to the origin of tig— D, transition
+0.1 nm with a shoulder at 792:®.1 nm. To check that the measured at 791#20.1 nm in absorption® Excitation spec-
perylene cation is indeed responsible for this emission, wéroscopy confirms that eactstrong band is related to the
have measured the excitation spectrum. The upper spectperylene cation.

TABLE I. Fluorescence band positions and vibrational spacings of the perylene cation isolated in Ne and Ar
matrices at 4.2 K. The band intensities are characterized as gspmgedium(m), weak(w), and very weak

(vw). Blue shouldergsh) are observed in Ne matrices, which are attributed to the presence of a different site in
the solid matrix. The spacings associated with this site are indicated by an aterisk symmetrical (a,)
frequencies calculated for thH2, state(Ref. 6 are reported for comparison.

Ne matrix Ar matrix

Calculations
x (nm) Av (cm™b) X (nm) Av (cm™) Av (cm™)
792.3+0.1 (sh) 0* (—28+2)
794.1+0.1 (s) 0 792.2:0.1(9) 0
815.4+0.1 (sh) 356+1*
817.3+0.2(s) 356+2 815.3+0.1 () 358+3 363
820.0+0.1 (w) 428+2 486
828.8-0.2 (vw) 526+2 828.2+0.2 (vw) 549+4 572
842.3+0.1 (w) 720+1 834
(356x2)
869.7+0.3 (vw) 1094+5 1043, 1120
878.4-0.8 (vw) 120710 1188
883.4+0.1(s) 13032 1308
891.3+0.1 (sh 1400+1*
893.5+0.1 (w) 14002 890.8+0.1 (s) 1397+2 1362, 1418, 1478
906.5+0.2 (sh) 1589+ 1*
908.8+0.2 (m) 1589+2 907.3:0.2 (9) 1601+1 1557, 1636
938.5+0.1 (vw) 1937+2
(1589+356)
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IV. CONCLUSION

2400 1800 We report the fluorescence spectra of the perylene cation
5 m isolated in neon and argon matrices. Evidence is found for
k3 1200 % medium-induced perturbations as well as site selectivity.
S1600 5 This will be discussed in detail in a forthcoming pap&ue
° = to its fluorescence properties, the perylene cation seems to be
E 600 § an attractive candidate for studies of the electronic properties
& of an isolated PAH ion in molecular beams. From an astro-
800 ] physical point of view, these studies show that PAH ions can
20 1.2 . . . h also be considered as potential carriers of DIBs seen in emis-
780 810 840 870 900 930 960 sion. However, as with all DIB assignments, measurements
Wavelength (nm) on species in the gas phase are needed.
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